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FAILURE MODES EFFECTS ANALYSIS (FMEA) — GIL HARDWARE
NUMBER: 06-3A-0607 -X

SUBSYSTEM MAME: ACTIVE THERMAL CONTROL

REVISION: U 02/04/B8
FART DATA
PART NAME PART NUMBER
VENDOR NAME VENDOR NUMBER
LRU T WATER SPRAY BOILER ASSEMBLY MC250-D015 ITENM 609
SRU T NITROGEN REGULATOR EVTESS0E-1

EXTENDED DESCRIPTION OF PART LNDER ANALYSIS:
NITROGEN REGULATOR

QUANTITY QF LIKE ITEMS: 3
ONE EACH BOILER ASSEMBLY

FUNCTION:

PROVIDES NITROGEN UPON DEMAND TQ THE WATER STORAGE TANK. ABUILT N
RELIEF VALVE PREVENTS OVER PRESSURIZATION OF S3YSTEM DOWNDSTREAM QF
REGULATOR.
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FAILURE MODES EFFECTS ANALYSIS FMEA -- Cll. FAILURE MODE
NUMEER: 0&-3A-D&D7- 03

REVISION#: 1 {B/25/08
SUBSYSTEM NAME: ATCS - WATER SPRAY BOILER
LRU; WATER SPRAY BUILER ASSEMBLY CRITICALITY OF THIS
ITEM NAME: NITROGEN REGULATOR FALLURE WODE: TR2
FAILURE MODE:
RELIEF WALVE FAILS OFEN
MIESION PHASE: LO  LIFT-GFF
0O DE-OREBIT
VEHICLE/PAYLOAD/MKIT EFFECTIVITY: 102 COLUMBIA
: 103 DISCOVERY

104 ATLANTIS

105 ENDEAVOLUR
CAUSE:

MECHANICAL SHOCE, VIERATION, COREOSION, PHYSICAL BINDINGAAMMING,
CONTAMINATION

CRITICALITY 1/1 DURING INTACT ABORET ONLY? NO

REDUNDANCY SCREEN A) FASS

B) PASE
C) PASS
PASSIFAIL RATIONALE:
Al
B}
€}
- FAILURE EFFECTS -

{A) SUBSYSTEM:
LOSS OF NITROGEN - UNABLE TO PROVIDE THERMAL CONTROL IN ONE APU LUBE
OILHYD SYSTEM DUE TO LOSS OF CAPABILITY TO EXPEL WATER FROM STORAGE TANK.
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FAILURE MODES EFFECTS ANALYSIS (FMEA)} — CIL FAILURE MODE
NUMBER: 06.3A.0607-03

{B} INTERFACING SUBSYSTEM(S):

POSSIBLE LOSS OR LIMITED RUN TIME OF ONE APUHYD SYSTEM DUE TO LOSS OF
COOLING. LIMITED RUN TIME MAY NOT ALLOW APU/HYD SYSTEM TO SUPPORT ENTIRE
POWERED FLIGHT OR ENTRY PHASE. LOSS OF HYDRAULIC CAPABILITY TO THROTTLE
ONE MAIN ENGINE, LOSS OF HYDRALLIC LANDING GEAR DEPLOY AND NOSEWHEEL
STEERING IF SYSTER ONE IS LOST, AND LO5S OF ONE OF THREE ET UMBILICAL
RETRACT ACTUATORS FOR EACH UMBILICAL PLATE. LOSS OF REDUNDANT HYDRAULIC
FOWER SYSTEM FOR FOUR TVIC ACTUATORS. LCSS OF QNE OF THREE HYDRAULIC
POWER SYSTEMS TGO FLIGHT CONTROL SURFACES AND BRAKES.

{C} MISSION:
ABORT DECISION - REMAINING TWO SYSTEMS PROVIDE SAFE RETURN.

{D) CREW, VEHICLE, AN ELEMENT{S):
NG EFFECT

{E} FUNCTIONAL CRITICALITY EFFECTS:
POSSIELE LOSS GF CREWAEHRICLE WTH THIS FAILURE PLUS LOSS OF A SECOND
AFUMHYD SYSTEM.

-DISFOSTTION RATIONALE-

{A) DESIGN:

25 MICRON FILTER IS INCORPORATED DOWNSTREAM OF THE REGLILATING SECTION OF
THE REGULATOR WHICH PROTECTS THE RELIEF YALVE FROM CONTAMINATION. RELIEF
VALVE FOPPET SPRING IS DESIGNED TO MAINTAIN CONSTANT PRESSURE ON POPPET IN
THE CLOSED POSITION AND THE LENGTH/DIAMETER OF POPPET PREVENTS IT FROM
COCKING. RELIEF VALVE HOUSING IS COMPOSED OF 304 STAINLESS STEEL.

(B) TEST:
CUALIFICATION:
+  HNITROGEN REGULATORS SUBJECTED TO 10,000 OPERATIONAL CYCLES.

s RAMDOM VIBRATIONM TEST (BOILER AND VENT AREA) - ACCELERATION SPECTRAL
DENSITY INCREASING AT RATE OF 6 DE/OCTAVE FROM 20 TO B0 HZ, CONSTANT AT
0.01 G SOMHZ FROM £0 TO 2000 HZ FOR 48 MINUTES/AXIS (100 MISSION
EQUIVALENCY). TEST PERFORMED WITH STORAGE TANK LOADED 100 PERCENT AND .
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FAILURE MDOES EFFECTS ANALYSIS [FMEA) -~ CIL FAILURE MODE

NUMBER: 08-3A-0807-03

AT MAXIMUM OPERATING PRESSURE {FULL GN2 PRESEURE). HYDRALULIC AND APU
LUBE OiL CIRCUITS PRESSURIZED TO MAX OPERATING PRESSURE THOUGHOQUT
TEST. PASSFAIL CRITERIA: NO DAMAGE OR FERMAMNENT DEFORMATION; N
ELECTRICAL CIRCUIT INTERREUPTIONS DURING TEST.

SHOCK TEST - {PER MIL-STD-810. METHOD 3151, PROCEDURE 1} 18 SHOCKS TOTAL. &
EACH AXIS, AT 15 G'S PEAK VALUE FOR 11 M5 NOMINAL DURATION YWITH FULL WATER
LOAD PASS/FAIL CRITERIA. UNIT MUST PASS SUBSEQUENT PERFORMANCE
RECQRD TEZT.

PERFORMANCE RECORD TEST INCLUDES:

» DESIGN POINT CHECK - VERIFICATION OF VWSB SYSTEM GPERATING
PARAMETERS DURING POOL BOILING (SEA LEVEL TESTING) AND SPRAY
BOILING (AT ALTITUDE). TESTING INCLUDES AWATER CARRY OVER
EFFICIENCY TEST WHICH COMPARES ACTUAL VERSUS THEORETICAL WATER
USAGE AT ALTITUDE OMLY WITH A KNOWN HEAT SINK.

MISSION PROFILE TEST AT ALTITURE - SIMULATION OF A BASELINE FLIGHT PROFILE
AT MAXIMUM HEAT LOAD &ND NORMAL OPERATION TO VERIFY PROPER WESR
PERFORMANCE {INCLUDING SPRAYING}

THERMAL CYCLE TEST - TESTED AT QPERATING CONDITIONS AT 70 TQ 275 TO 7D
DEG F WITH DWELL OF 10 MINUTES AT EACH LEVEL FOR § CYCLES. ALSO TESTED
WITH WSB NOT OPERATING AT 7O TC 65 TO 70 DEG F WITH A DWELL OF 3 HOURS AT
EACH LEVEL FOR 3 CYCLES. PASSIFAIL CRITERIA NC DAMAGE OR PERMANENT
DEFORMATICON (INCLUDING VYALVE FAILURE).

ACCEFTANCE:

NITROGEN RELIEF VALVES ARE TESTED PRIOR TO INSTALLATION INTO REGULATOR
ASSEMBELY AS FOLLOWS. RELIEF VALYE PERFORMAMNCE TESTS (CRACK, RESEAT,
AND FULL FLOW TESTS).

EXAMINATION OF FRODUCT - VERIFICATION CF WORKMANSHIP, FINISH, DIMENSIONS,
CONSTRUCTION, CLEANLINESS, IDENTIFICATION, TRAGEABILITY LEVEL AND
FROCESSES PER DRAWINGS AND MC250-0018 (WATER SPRAY BOILER
PROCUREMENT SPEC).

LOW SIDE N2 PROOF TEST - TESTED AT 51 PSIG FOR 15 MINUTES WITH HELIUM AND
CIRCUIT RELIEF ¥ALVE PREVENTED FROM CPENING. PASS/FAIL CRITERIA NO
EVIDENCE COF PERMAMENT DEFORMATION AND PASSAGE OF SUBSEQUENT WATER
AND N2 CIRCUIT LEAK CHECKS.

EOW SIDE N2 LEAK CHECK - INCLUDES RELIEF VALVE CRACK TEST FOLLOWED BY N2
LEAK CHECK AT 28 PSIG WITH HELIUM. PASSFAIL CRITERIA: 2 8 SCCM MAX HELIM
LEAKAGE. -

DESIGN POINT CHECK - VERIFICATION OF W3SE SYSTEM OPERATING PARAMETERS
DURING POOL BOILING {SEA LEVEL TESTING) AND SPRAY BOILING (AT ALTITUDE}
TESTING INGLUDES A GOMPLETE WATER LOAD EXPULSION TEST, PLUS A WATER
CARRY GVER EFFICIENGY TEST WHICH COMPARES ACTUAL VERSUS THEORETICAL
WATER USAGE AT ALTITUDE ONLY WITH A KNOWN HEAT SINK.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: D&-3A-0607-03

PRELAUNCH:
» WS3B IS OPERATING DURING PRELAUNCH PHASE AND INTEGRITY IS VERIFIED
BEFORE LAUNCH USING VEHICLE INSTRUMENTATION.

GROUND TURNAROUMND TEST
v+ ANY TURNAROUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
GMRSD.

(C) INSPECTION:

RECEIVING INSFECTION

EAW MATERIALS ARE VERIFIED BY LAB ANALY SIS, VERIFICATION OF MATERIAL AND
EQUIPMENT CONFORMING TO CONTRACTS IS PFERFORMED BY INSPECTION.

CONTAMINATION CONTREOL

GLEANLINESS OF NMTROGEMN LINES |15 VERIFIES BY INSPECTION. CONTAMINATION
CONTROL PROCESSES AND PLANS AND CORROSION PROTECTION PROVISIONS ARE
WVERIFIED BY INSPECTION.

ASSENMBLY/ANSTALLATION

-TORQUING PER DRAWING REQUIREMENTS 15 VERIFIED BY INSPECTION.
MANUFACTURING. INSTALLATION, AND ASSEMBLY OFERATIONS ARE VERIFIED BY
INSPECTION. PART PROTECTION. COATING, AND PLATING ARE VERIFIED BY
INSPECTION

CRIMCAL FRQCESSES
WELDING 13 VERIFIED BY INSPECTION.

MOMDESTRUCTIVE EVALUATION
X-RAY AND PENETRANT INSPECTION ARE VERIFIED BY INSPEGTION.

TESTING INSPECTION
POINTS PERFORMED DURING ACCEPTANCE TESTING ARE YERIFIED BY INSFECTION.

HANDLING/PACKAGIMG
PROPER HANDLING AND STORAGE ENVIRONMENT ARE WERIFIED BY INSPECTION.

() FAILURE HISTORY:

CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND
OTHER FAILURES EXPERIENCED DURING GROUND PROGCESSING ACTIVITY CAN BE
FOUND IN THE PRACA DATA BASE. THE FAILURE HISTORY DATA PROVIDED BELOW IS NO
LONGER BEING KEFT UP-TQ-DATE.

(ABB4TE-010) {1681) DURING ATP OF WSB S/N 7, RELIEF VALVE CRACKED LOWDUE TO
MISPOSITIONED HELICAL SPRING CAUSED EY A BURR IN THE ASSEMBLY. UNIT WAS
REASSEMBLED WITHOUT BURR AND RETEST RESULTED IN SPECIFIED CRACKING

PRESSURE. .

Mo - 104
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FAILURE MOQDES EFFECTS ANALYSIS (FMEA) — GIL FAILURE MODE
NUMEER: 06-3A-0607- 03

{SHUTTLE INFLIGHT DATA AND ANOMALY LIST. STS-5#17) (Cn/030, 1983) SYSTEM 1 GN2
REGULATOR QUTLET PRESSURE DECREASED 5 PSILIN 100 HOURS AFTER THE N2
ISCLATION VALVE WAS CLOSED DURING ON-CRBIT THE FAILURE WAS ATTRIBUTED TG
THE RELIEF VALYE NOT PROPERLY SEATING AFTER ASCENT. RESEATING TAKES PLACE
DURING THE POWERED PHASE QF FLIGHT AND THE LOW RESEAT PRESSURE COULD BE
CAUSE BY SIDE LOADING (G FORCES} OF THE POPPET AND SPRING  THIS CONDITION
CANNOT BE DUPLIGATED DURING GROUND CHECKS. THE VALVE WAS SUBSEQUENTLY
FLOWHN AS IT YWAS.

(2BF008-010} (1925) DURING FLIGHT ON OV-104, REGULATOR DUTLET PRESSURE DECGAY
FROM 40 PSlA TG 28 FSIA WAS RECORDED. EXCESSIVE LEAKAGE WAS CAUSED BY A
FOREIGN PARTICLE (ALUMINUM WITH HIGH SILICOME CONTENT) WHICH PREVENTED
PROPER RELIEF VALVE SEATING. THE PARTICLE MIGRATED TO THE REGULATOR
FOPPET SEAT WHEN THE RELIEF YALVE OPENED DURING ASCENT. THE SOURCE OF THE
CONTAMINATE WAS SPECULATED TO BE FROM THE ASSEMBLY PROCESS. THIS WAS AN
ISOLATED CASE, THE VALYE WAS REBUILT AND RE-ACCERTANCE TESTED.

(ADDOS4-010) (1985) DURING CHECKQUT OF OV-102, RELIEF YALYE RESEAT PRESSURE
Was 27 6 PSIG (SPEC: 28 PEIG MIN). LOW PRESSURE WAS WAIVED.

(E) OPERATIONAL USE:

ASCENT: SHUT DOWN AFFECTED AFLHYD SYSTEM AT AN APPROPRIATE TIME BASED
O FLIGHT PHASE AND SYSTEM TEMPERATURES.

ENTRY: SHUT DOWN AFFECTED APUHYD SYSTEM QR DELAY APU START IF FAILURE
KNOWN PRIOR TO DEOREBIT.

-APPROVALE -

EDITORIALLY APPROVED L BNA o Kemecra, B-15-8
TECHNICAL APPROVAL A APPROWAL FORM : BE-GIL-DEJE'_EE—EA
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